The failed influence of the 2015-16 El Niño on California rainfall has renewed interest in the relationship between El Niño and US rainfall variability. Here, we perform statistical data analyses and simple model experiments to show that sufficiently warm and persistent sea surface temperature anomalies (SSTAs) in the far eastern equatorial Pacific are required to excite an anomalous cyclone in the North Pacific that extends to the east across the US west coast, and thus increases rainfall over California. Among the four most frequently recurring El Niño patterns considered in this study, only the persistent El Niño, which is often characterized by the warm SSTAs in the far eastern equatorial Pacific persisting throughout the winter and spring, is linked to such extratropical teleconnection patterns and significantly increased rainfall over the entire state of California. During the last 69 years, only three of the 25 El Niño events (i.e., 1957-58, 1982-83 and 1997-98) are clearly identified as the persistent El Niño. In addition, the monthly rainfall variance explained by El Niño is less than half that caused by internal variability during the 25 El Niño. Therefore, the rarity of persistent El Niño events combined with the large influence of internal variability effectively explains the fragile relationship between El Niño and California rainfall.
Introduction
During El Niño winter and spring, the atmospheric jet stream over the northeast Pacific strengthens toward North America often increasing rainfall across the state of California, northern Mexico and southern US [e.g., Ropelewski and Halpert, 1986; Mo, 2010; Lee et al., 2014b; Krishnamurthy et al., 2015; Hoell et al., 2016; Jong et al., 2016] . Indeed, California experienced the wettest winter and spring (January-May; JFMAM) during the 1997-98 El Niño (2.91 mm day -1 ) since 1948 and the 3rd wettest during the 1982-83 El Niño (2.43 mm day -1 ). Therefore, when the sea surface temperature anomalies (SSTAs) in Niño 3.4 (120°W-170°W and 5°S-5°N) reached a record high value in November 2015, it was highly anticipated that the 2015-16 El Niño could end the most severe multi-year drought ever recorded in the state of California [Griffin and Anchukaitis, 2014; Diaz and Wahl, 2015; Seager et al., 2015] . By some measures, the 2015-16 El Niño ( Figure 1c ) did become the strongest El Niño yet recorded [L'Heureux et al., 2017] and caused a wide range of climate extremes around the globe [Mekonnen et al., 2016; . However, California experienced only slightly above-normal winter and spring rainfall, mostly in the northern watershed regions ( Figure 1f ).
A plausible cause for the failed influence of the 2015-16 El Niño on California rainfall is subseasonal atmospheric variability, such as the Pacific-North American pattern, the North Pacific Oscillation and the Arctic Oscillation, which could disrupt the stationary Rossby wave trains emanating from the equatorial Pacific [e.g., Hoerling and Kumar, 1997; Linkin and Nigam, 2008; Cohen et al., 2017; Deser et al., 2017; Lin et al., 2017; Teng and Branstator, 2017; Wang et al., 2017] . This hypothesis is supported by the marginal correlation between the Niño 3.4 SSTAs and California rainfall in JFMAM (r=0.36, statistically significant at the 5% level).
warm SSTAs and the Aleutian low pressure anomalies associated with El Niño -Southern Oscillation (ENSO) had shifted westward since the 1998-99 regime shift, which could potentially weaken the relationship between El Niño and California rainfall. In line with this hypothesis, Paek et al. (2017) 
Data, Methods and Model
The Extended Reconstructed SST version 5 is used to compute the equatorial Pacific
SSTAs for the period of 1949 [Huang et al., 2017 . The Climate Prediction Center (CPC) unified gauge-based analysis of the US daily precipitation is used to derive monthly rainfall anomalies over the US for 1949-2016 [Higgins et al., 1996] . The CPC Merged Analysis of Precipitation is used to derive rainfall anomalies over the tropical Pacific for 1979 [Xie and Arkin, 1997 . The NCEP-NCAR reanalysis for the period of 1949 -2016 is used to derive geopotential height and wind anomalies [Kalnay et al., 1996] .
To objectively characterize the spatiotemporal evolution of equatorial Pacific SSTAs We also use a simple two-level stationary wave model [Lee et al., 2009; 2013] 
Four Most Frequently Recurring El Niño Patterns
As summarized in section 2, Lee et al. (1972-73, 1987-88 and 2009-10) can be considered as early onset and transitioning, and five other El Niño events (1952-53, 1968-69, 1976-77, 1986-1987 and 2014-15) are examples of late onset and resurgent El Niño (Figure 2e ).
Figures 2c and d show the composite mean anomalies of the 25 El Niño events plus and minus the second EOF mode, respectively. As shown in these figures, the second mode distinguishes a strong El Niño that persists in the far eastern equatorial Pacific throughout the winter and spring (i.e., persistent El Niño) from a weak El Niño that terminates early and promotes cold SSTAs in the far eastern equatorial Pacific after the peak season (i.e., earlyterminating El Niño). Three El Niño events (1957-58, 1982-83 and 1997-98) are examples of strong and persistent El Niño, and four other El Niño events (1958-59, 1977-78, 1994-95 and 2004-05) can be considered as weak and early terminating El Niño (Figure 2e ).
Some El Nino events cannot be represented by only one of the four flavors. For example, four El Niño events (1953-54, 1963-64, 1969-70 and 2006-07) transitioned to La Niña events (i.e., transitioning El Niño) and their warm SSTAs in the far eastern Pacific dissipated prematurely (i.e., early-terminating El Niño). As such, the spatiotemporal evolution in each of the four mixed flavors (Figure 2e ) is simply the linear combination of that between the two neighboring principal El Niño flavors as shown in Figure S1 in the supporting information. However, it is important to note that the monthly rainfall variance explained by El Niño is less than half that caused by internal variability (i.e., signal-to-noise ratios < 0.5) during the 25 El Niño events as shown in Figure 5S in the supporting information. This means that California rainfall during the four El Niño flavors can be greatly reduced or enhanced by internal variability in agreement with earlier studies [e.g., Deser et al., 2017] .
Simple Model Experiments
To 
Summary and Discussion
In this study, we explore the sensitivity of California's winter and spring rainfall to Among the 25 El Niño events that occurred during 1948-2016, three events (i.e., 1957-58, 1982-83 and 1997-98) are clearly identified as persistent El Niño events. During all these three events, rainfall over California greatly increased -California experienced the 5th wettest winter and spring during 1957-58 El Niño (2.00 mm day -1 ) since 1948. However, since only three such events occurred during the last 69 years, they are fairly rare events.
Additionally, the signal-to-noise ratios rarely exceed 0.5 during the 25 El Niño events.
Therefore, the rarity of persistent El Niño events combined with small signal-to-noise ratios effectively explains the fragile relationship between El Niño and California rainfall. 
